Background: Ulnar collateral ligament reconstruction (UCLR) has become an increasingly common procedure among Major League Baseball (MLB) pitchers. The long-term effects of this procedure on the career of an MLB pitcher are largely unknown.
The ulnar collateral ligament (UCL), which functions as the primary valgus restraint to the elbow, experiences a tremendous amount of stress during the overhand baseball pitch. 18, 28, 29 Numerous studies have documented the rising number of UCL reconstructions (UCLRs) among adolescent as well as professional baseball pitchers, as this is the current standard for players with UCL injuries who have failed conservative treatment and wish to return to competition at a high level. 3, 15, 17, 23 Fortunately, results following UCLR among Major League Baseball (MLB) pitchers and adolescents have been encouraging, with many studies reporting a >80% return-to-sport rate at the same or higher level of competition. 3, 7, 10, 24, 31, 32 While many authors have worked toward identifying risk factors for sustaining a UCL injury and implementing strategies to reduce the risk of injuring the UCL, further work on this subject must be done. 2, 4, 5, 14, 16, 19, 20, 34, 35 Witnauer et al 37 performed a comprehensive review of all MLB position players to determine the mean length of a position player's career once reaching the majors. The authors found the mean MLB career length of a position player to be 5.6 years. While this study shed some light on the expected longevity of MLB players, the authors excluded pitchers, given their high injury rates, and did not report on the reasons for retirement. Recent studies found that MLB pitchers who successfully returned to sport following UCLR play for an additional 3.9 ± 2.84 seasons (mean ± SD) before they retire. 15 However, their reasons for retirement are currently unknown. If these pitchers are retiring because of a common modifiable reason, it may be possible to increase the length of a pitcher's career by preventing the issue that causes one to retire.
Therefore, the purpose of this study was to determine the reasons for retirement among MLB pitchers who underwent UCLR and to compare these reasons with those of a matched cohort of MLB pitchers with no history of UCLR. We hypothesized that pitchers who underwent UCLR would be no more likely than control pitchers to retire from elbow or shoulder injuries.
METHODS
All MLB pitchers who underwent UCLR between 1974 and 2015 were evaluated. Pitchers were identified from prior studies, MLB team websites, and publicly available internet-based injury reports. 14, 15, 27, 36 These pitchers were then cross-referenced with team injury reports, and a prior database verified the MLB HITS database to ensure accuracy. [13] [14] [15] Numerous prior publications have utilized this method of data collection. 15, 27, 30 As these data were publically available, Institutional Review Board approval was not necessary. Inclusion criteria were MLB pitchers (defined as having pitched in at least 1 MLB game prior to undergoing UCLR) who pitched for at least 1 season following UCLR and who are currently retired. Exclusion criteria were collegiate pitchers (NCAA [National Collegiate Athletic Association]), position players (nonpitchers), pitchers who never pitched in MLB, and pitchers who never returned to the MLB following UCLR, as it would not be possible to accurately determine the cause of failure. The presumed cause would be from an elbow injury, and prior data exist on this; as such, these players were excluded to focus on why players who were able to successfully return to pitching following UCLR retired. Pitchers who were <20 months out from their index UCLR were excluded.
A control group was selected to compare career length with that of the cases (UCLR). Controls were matched with cases based on sex, age, draft year, and draft round. An "index year" was designated for controls, analogous to UCLR year among cases. In other words, the controls pitched the same number of years before the index year as the cases pitched before surgery. For example, if a pitcher underwent UCLR 3 years into his career, the index year for the matched control was set at 3 years. This year was used to determine the length of a player's career and to allow comparison between the control group and the UCLR group. In essence, the index year functioned as the surgical year for the controls. The reason for the retirement of all pitchers, cases and controls, was then determined through MLB team websites, publicly available internet-based injury reports, and press releases ( Table 1) . Players who had no specific injury issue at the time of retirement were classified as having retired because of a decline in performance. Pitchers who underwent UCLR were then compared with controls in regard to WHIP ([walks þ hits] / innings pitched), a sabermetric measure that calculates the number of base runners that a pitcher allows per inning, as a snapshot of pitching effectiveness.
Statistical Analysis
Pathologies were combined by body part. Chi-square tests were performed to compare UCLR and control groups per body part as well as the path that the player took to the MLB (high school vs college vs foreign). Similar test were used to compare groups for whether a player's release took place during or after the season. Time to retirement was compared between the UCLR and control groups using the Mann-Whitney U test, as the data were not normally distributed, as measured using the Kolmogorov-Smirnov test. Similar tests were used to compare the best WHIP, the WHIP during their last year of pitching, and their salary. P values <.05 were considered statistically significant. All analyses were conducted in Excel and SPSS 23 (IBM).
RESULTS
A total of 153 MLB pitchers with a history of UCLR were able to return to sport and are now retired. Time to retirement was 4.4 ± 4.7 years (range, 0-26 years) for the control group and 4.4 ± 3.5 years (0-15 years) for the UCLR group (P ¼ .388). Patients who were status post-UCLR were significantly more likely to be released during the season (34 of 144, 23.6%) than players who were not (14 of 144, 9.7%) (P ¼ .002). The most common reasons for retirement for pitchers with a history of UCLR and controls were decline in performance, shoulder problems, and elbow problems ( Figure 1 ). Table 2 presents data for the specific body regions that were the cause for retirement for both groups. Control pitchers (ie, without a history of UCLR) were more likely to retire from shoulder and leg injuries than were pitchers with a history of UCLR (28.5% vs 16%, P ¼ .011; 15% vs 6%, P ¼ .013, respectively) ( Table 3) . Pitchers with a history of UCLR were no more likely than control pitchers to retire secondary to elbow problems (11.1% vs 14.6%, P ¼ .379). Pitchers with a history of UCLR were more likely than control pitchers to retire owing to a decline in performance (63.8% vs 36.2%, P < .001). When education levels among UCLR and non-UCLR players were compared, significantly more players were drafted out of high school in the UCLR group than the control group (Table 4) . Similarly, significantly more players in the control group were drafted out of college and hence had a college education. Significantly more foreign-born players underwent UCLR than not. When performance was compared between players who underwent UCLR and their matched controls, players with a history of UCLR had a statistically significantly better (ie, lower) WHIP during the peak performance 
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DISCUSSION
While more than 80% of MLB pitchers who undergo UCLR are able to successfully return to sport, it is currently unknown what causes these players to retire and whether the reasons are different from those of MLB pitchers with no history of UCLR. Our hypothesis was confirmed: MLB pitchers with a history of UCLR were no more likely than control pitchers to retire because of shoulder or elbow injuries. Furthermore, as compared with control pitchers, MLB pitchers with a history of UCLR played a similar number of seasons following surgery. As compared with those of the controls, the peak performance and the performance for the last year of the career were better among pitchers who underwent UCLR; salary was also higher among pitchers who underwent UCLR. The UCL has received a tremendous amount of attention in recent literature given the epidemic increase in the number of UCLRs performed among adolescent and elite-level athletes. 6, 8, 11, 25, 38 A concern over revision rates and failures following UCLR has arisen, as the number of revision UCLRs has increased over the last 10 years. 27, 36 This concern has called into question the longevity of the UCLR procedure. Several studies have reported on the revision rates among adolescent and elite-level pitchers following UCLR. 10, 27, 36 These rates ranged between 0% and 15%, with the majority of studies citing a rate of <10%. 3, 7, 15, 26, 31, 36 This study found that pitchers with a history of UCLR were no more likely to retire from an elbow problem than pitchers with no history of UCLR (11.1% vs 14.6%, P ¼ .379). Hence, despite having had prior surgery on the elbow, continuing problems with the elbow are not a common reason for retirement among pitchers who have undergone UCLR.
Pitchers who are successfully able to return to sport in MLB following UCLR must complete a demanding rehabilitation process. While very little is understood about the ideal rehabilitation protocol following UCLR, much of this process focuses on proper pitching mechanics to limit excessive stress on the shoulder and elbow, as some believe that improper pitching mechanics is one of the risk factors for injury of the UCL. 1, 9, 21, 33 Hence, when pitchers return to sport following UCLR, their pitching mechanics may often be better than they were before surgery. Hannon et al 22 studied 33 collegiate and high school baseball pitchers to determine their single-leg balance before and after UCLR. Each participant underwent a standard UCL protocol that focused on lower extremity balance and neuromuscular control exercises. The authors found that pitchers who sustained a UCL tear had significant balance deficits in stance (P < .001) and lead (P ¼ .009) limbs before UCLR versus after surgery, indicating that the rehabilitation protocol was successful at optimizing their core strength and balance. The present study found that, compared with pitchers who underwent UCLR, control pitchers without a history of UCLR were more likely to retire because of leg injuries. This finding corroborates the prior study, as pitchers have improved balance following UCLR, thereby decreasing their risk of lower extremity injury.
Previous studies found a link between lack of total glenohumeral motion and risk for elbow injury among MLB pitchers. 35 However, the converse has not been proven. No study to date has definitively shown prior elbow injury or elbow surgery, including UCLR, to be a risk factor for sustaining a shoulder injury, although many surgeons believe it to be the case. The current study found that pitchers with a history of UCLR were less likely to retire from shoulder injuries than were pitchers with no history of UCLR. This finding again speaks to the rehabilitation process and the improvement in pitching mechanics seen following UCLR, which may be protective against future shoulder injuries, although further work must be done to definitively prove this.
The main reason for retirement among pitchers with a history of UCLR was a decline in performance and not a distinct, reported injury. Many pitchers do not sustain a distinct injury but rather suffer a decline in overall performance toward the end of their careers and are not re-signed with their teams, or they are directed to the minor leagues and never return to the major leagues. When performance was measured by WHIP, players' peak performance and performance in the final season were better in the UCLR group than the control group. Furthermore, pitchers who underwent UCLR had a higher season salary than controls. This shows that, according to performance and salary, better pitchers were more likely to undergo UCLR than pitchers who were not as highly valued or as effective (controls). However, at the end of their careers, players who underwent UCLR were more likely than controls to be released during the season. This finding could indicate a rapid inseason decline in performance among these pitchers, as they were not retained through the end of their final seasons, although the etiology of this decline is unknown. This correlates with the fact that pitchers with a history of UCLR were more likely than control pitchers to retire for performance reasons. One other possibility is that players with a history of UCLR had significantly higher salaries than control pitchers, indicating that they made more total money during their careers. Hence, they may have been more likely to retire in season and forego the rest of their contracts because they had generated a higher income during their careers than had control pitchers, or it is possible that a higher-paid player was released midseason to free up space and money on the roster to pick up other players. Further studies evaluating possible reasons for the decline in performance among these players should be conducted. This study found no significant difference in the number of seasons played in the majors following UCLR when compared with the index years assigned to control pitchers. This essentially means that although the performance level of pitchers following UCLR declined over time, it did not decline at any faster rate than that of pitchers without a history of UCLR. It is possible that pitchers have a limited number of innings and/or pitches before they are no longer effective, although this has not been proven. Furthermore, pitchers with a history of UCLR were less likely to retire from a distinct injury, possibly indicating that the surgery-and, more likely, the rehabilitation process-may have a protective effect against future shoulder and leg injuries, although this cannot be proven. Finally, there were significantly more foreign pitchers who underwent UCLR than not. Foreign pitchers are not subject to the stringent pitch counts during their adolescence that are in effect in the United States. This may indicate that pitch counts that have been implemented in the United States are becoming effective in preventing UCLR down the road among these pitchers. 12 Further longitudinal studies are necessary to confirm this finding.
Limitations
Although this study is the first to evaluate reasons for retirement among MLB pitchers following UCLR, it has several limitations. There is the possibility that some pitchers who underwent UCLR were missed during the search and were therefore not included. Although meticulous attention to detail was used to discern reasons for retirement, these reasons were based on team injury reports, press releases, and so on; therefore, it is possible that some of this information was inaccurate. There is the possibility that some pitchers in the control group may have undergone UCLR in high school or college and so were incorrectly placed in the control group. Pitchers were included in this study only if they returned to sport following UCLR. This could have introduced a selection bias that may have affected the performance outcome data during comparison between the UCLR and control groups. Surgical details, including approach, graft type, management of the ulnar nerve, and surgical technique, were not available, so this study cannot comment on the superiority of one technique over another. Similarly, rehabilitation protocols for individual pitchers following UCLR were unknown; accordingly, a recommendation on the ideal protocol cannot be made. Finally, a decline in performance was the reason for retirement for many of the cases and controls. However, it is possible that some of these players had issues and injuries that they were not willing to disclose to agents, media, and others and were therefore erroneously assigned to the "decline in performance" group.
CONCLUSION
MLB pitchers who have undergone UCLR are no more likely to retire from shoulder or elbow injuries than those who have not undergone UCLR. MLB career length was similar between pitchers with and without a history of UCLR.
